[Purpose] The aim of this study was to evaluate whether using a belt to restrain a hand-held dynamometer improves reliability of isometric leg muscle strength measurements in healthy subjects.
INTRODUCTION
Hand-held dynamometers (HHD) are small and relatively simple to use for quantitatively measuring muscle strength, but there is no consensus on the reliability of measurements [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Bohannon et al. 1) evaluated knee extensor strength in 24 healthy women aged around 30 years old and reported, as an estimate of interrater agreement, an intraclass correlation coefficient (ICC) of 0.948, and good intrarater reliability irrespective of experience. In a study by Wikholm et al. 7) in which muscle strengths of healthy subjects were evaluated by 3 raters, ICC was 0.226 for strength measurements of knee extensor muscles, which are strong, and 0.768 and 0.932, respectively, for measurements of elbow flexor and shoulder external rotator muscles, which are weaker. In a study by Agre et al. 8) using 4 healthy subjects and 3 raters, Pearson correlation coefficients for interrater measurements ranged from -0.19 to 0.96 for the lower extremity, but from 0.88 to 0.94 for the upper extremity.
Regarding the limitations of measurements using a HDD, Hyde et al. 10) claim that, regardless of the tester's experience or power of resistance, 30 kg is the limit, while Wiles et al. 11) and Roebeck et al. 12) , claim respectively that it is difficult to maintain the position of the HDD at forces of 300 N and 85 Nm or higher.
Problems of reliability of measurements made by HHDs make comparisons of studies difficult. Therefore, the aim of this study was to assess whether using a restraining belt to steady a HDD with a thin sensor improves reliability of measurements of leg muscle strength.
SUBJECTS AND METHODS
The number of subjects varied between 20 and 44 depending on which muscle group was evaluated, but since the exertion tasks were performed either bilaterally or unilaterally, the total number of legs per task varied between only 40 and 44 (Table 1) . The subjects' mean age was 20. None of the subjects had any joint pain or other orthopedic problems of the joints used in the exertion tasks. All the subjects gave their informed consent to participate.
The HDD was a µTas MF-01 (Anima Corp., Tokyo). Its metal sensor was covered by a rubber pad. When the belt was used to secure the device, the sensor's Velcro fastener was used to secure the sensor to the part of the body under investigation, but when the belt was not used to secure the device, the sensor's Velcro fastener was used as a grip for the tester to hold when applying resistance. The belt length could be adjusted using a sliding bar buckle and a plate was used to fix the position of the sensor (Fig. 1) . The HDD had a measuring range of 0.0 to 80.0 kgf with a precision of 0.1 kgf.
Measurements were made with the subjects making the following 10 exertions: flexion, extension, abduction, adduction, internal rotation and external rotation of the hip; flexion and extension of the knee; and dorsiflexion and plantar flexion of the ankle. In the test without the belt, the HDD was used in the conventional way, i.e., held in the palm of the hand and pressed directly against the part of the body under test. Measurement was ceased when the tester was unable to hold the HDD steady. In the test with the belt, the sensor's Velcro fastener was used to fix the HDD against the part of the body under test, and the belt was fixed to something relatively immobile, such as the leg or rail of the bed or around the tester's leg, to directly oppose the movement of the part of the body under test (Fig. 2, Table 2 ).
The subjects ramped up to maximum their exertions over 3 s, and then maintained a static state for about 5 s during which the maximum force was noted. Each exertion trial was repeated once after 30 seconds of rest. The highest measurement for each pair of trials was noted. In the assessment of interrater reliability, 1 man and 1 woman with very different physiques were used as testers (Table 3 ). The subjects rested for at least 1 h between the first and second testers taking measurements. Measurements made with and without the belt were taken at an interval of 1 week. The order in which measurements were made with the belt, without the belt, by the man, or by the Fig. 2b . Using a hand held dynamometer with and without the belt for the knee and ankle. Photographs show two measurements of isometric muscle strength each for the knee and ankle, using the belt to anchor the device (left) and without using the belt (right) where the tester applies resistance by hand and the Velcro straps of the surface fastener are used as a grip.
Fig. 2a.
Using a hand-held dynamometer with and without the belt for the hip. Photographs show six measurements of isometric muscle strength for the hip, using the belt to anchor the device (left) and without using the belt (right) where the tester applies resistance by hand and the Velcro straps of the surface fastener are used as a grip.
woman, was random. Before starting the study, the testers practiced making measurements until they were familiar with the technique. Interrater reliability was evaluated using the paired Student's t test, ICC (2,1), and Pearson's correlation coefficient. Measurements made with versus without the belt were analyzed using the paired Student's t test and Pearson's correlation coefficient (SPSS ver.15J for Windows, SPSS Japan Inc., Tokyo) P values of <.05 were considered significant.
RESULTS
Isometric muscle strength measurements for each exertion task and their statistics are shown in Tables  4-6 .
On comparing the examiners' measurements, for all tasks, there were no significant differences when the belt was used, but when the belt was not used, measurements obtained by the male examiner were significantly higher than those obtained by the female examiner (p<0.001). ICC ranged from 0.99 to 0.97 when the belt was used, but ranged from 0.88 to 0.21 when it was not used. Pearson's correlation coefficient ranged from 0.99 to 0.97 when the belt was used, but ranged from 0.91 to 0.26 when it was not used.
Measurements were significantly higher for both examiners when the belt was used than when it was not used (p<0.01). Pearson's correlation coefficient for measurements made with versus without the belt ranged from 0.95 to 0.61 for the male examiner and from 0.87 to 0.31 for the female examiner.
DISCUSSION
Gross et al. 13) reported ICCs of between 0.92 and 0.97 in a study using two types of isokinetic dynamometers to measure the force of knee extensions performed at 60 degrees/s and 180 degrees/s. Wikholm et al. 7) and Agre et al. 8) reported that the interrater reliability of strength measurements made using a HHD was poorer for the lower than the upper limbs. In the present study, ICC for interrater reliability was 0.97 or higher for all measurements made with the HHD restrained by the belt, while compared with measurements made with a belt, ICC without the belt was low. Therefore, for testing healthy subjects, isometric muscle strength measurements made by the HHD restrained by a belt are at least as reliable as measurements made by an isokinetic HHD, and more reliable than isometric measurements made by a HHD without a restraining belt. The most plausible reason that measurements made by the HHD without the belt are poor is that the strength of the subject may exceed the resistance that the tester is able to apply to prevent the HHD from moving. In the present study, for both examiners, measurements made when using the belt were significantly higher than those made when not using the belt. Pearson's correlation coefficients for measurements made with versus without the belt were higher for the male tester than for the female tester. The average forces exerted during abduction, internal rotation and external rotation of the pelvis were all 20 kgf or less, which is clearly less that the reported limit of 30 kgf for measurements made by holding the HH D conventionally, that is without the aid of a restraining device 10) . Even the male tester could not adequately maintain the position of the HHD without the belt, so the actual practical strength limit for using the HHD conventionally is probably less than the reported limit of 30 kgf in some circumstances. Therefore, isometric muscle strength measurements made using the restraining b e l t , a r e m o r e r e l i a b l e t h a t t h o s e m a d e conventionally, that is, without the belt, probably because the belt is able to compensate for the limit at which the HDD can be fixed in position by just the hand. Furthermore, this hand-held limit of 30 kgf was in practice demonstrated to be impractical, especially in the case of the female tester.
We believe that when the belt is used to fix the device, the dynamometer can be reliably applied to quantitatively measure muscle strength of grade 3 (fair) or lower. However, because the trunk, lower back and other factors were not fixed or determined when the belt was used, future studies should evaluate whether values of measurements differ from those made with an isokinetic dynamometer.
